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Abstract
Background: Safe and effective weight control strategies are needed to stem the current obesity
epidemic. The objective of this one-year study was to document and compare the macronutrient
and micronutrient levels in the foods chosen by women following two different weight reduction
interventions.
Methods: Ninety-six generally healthy overweight or obese women (ages 25–50 years; BMI 25–
35 kg/m2) were randomized into a Traditional Food group (TFG) or a Meal Replacement Group
(MRG) incorporating 1–2 meal replacement drinks or bars per day. Both groups had an energy-
restricted goal of 5400 kJ/day. Dietary intake data was obtained using 3-Day Food records kept by
the subjects at baseline, 6 months and one-year. For more uniform comparisons between groups,
each diet intervention consisted of 18 small group sessions led by the same Registered Dietitian.
Results: Weight loss for the 73% (n = 70) completing this one-year study was not significantly
different between the groups, but was significantly different (p ≤ .05) within each group with a mean
(± standard deviation) weight loss of -6.1 ± 6.7 kg (TFG, n = 35) vs -5.0 ± 4.9 kg (MRG, n = 35).
Both groups had macronutrient (Carbohydrate:Protein:Fat) ratios that were within the ranges
recommended (50:19:31, TFG vs 55:16:29, MRG). Their reported reduced energy intake was
similar (5729 ± 1424 kJ, TFG vs 5993 ± 2016 kJ, MRG). There was an improved dietary intake
pattern in both groups as indicated by decreased intake of saturated fat (≤ 10%), cholesterol (<200
mg/day), and sodium (< 2400 mg/day), with increased total servings/day of fruits and vegetables (4.0
± 2.2, TFG vs 4.6 ± 3.2, MRG). However, the TFG had a significantly lower dietary intake of several
vitamins and minerals compared to the MRG and was at greater risk for inadequate intake.
Conclusion: In this one-year university-based intervention, both dietitian-led groups successfully
lost weight while improving overall dietary adequacy. The group incorporating fortified meal
replacements tended to have a more adequate essential nutrient intake compared to the group
following a more traditional food group diet. This study supports the need to incorporate fortified
foods and/or dietary supplements while following an energy-restricted diet for weight loss.
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Background
With the current incidence of both overweight and obesity
in adults in the United States at 65%, health care practi-
tioners need to play an even greater role in weight control
[1]. Management involves not only weight loss and main-
tenance of body weight, but also measures to control
other health risk factors. Patient financial considerations
also play a part, including the cost of travel to the clinical
facility, time lost from work, and any weight counseling
that is not covered by health insurance. Guidelines based
on recent evidence suggest that small weight losses (5 to
10% of initial body weight) can improve obesity-related
health complications [2].
Since a major health goal is to achieve and maintain a
desirable weight, there is a heightened awareness of the
types of diets used to achieve weight control [3]. Incorpo-
rating meal replacements (1–2 per day) into traditional
lifestyle interventions has been shown to be effective in
treating overweight or obese patients, and this option is
currently recommended for health practitioners [4,5].
Although efficacy is one important criteria in evaluating
weight control studies, an equally important concern is
safety, including the adequacy of the dietary intake as it
impacts on long-term health [6]. This study is a follow-up
to our published research showing the effectiveness of
meal replacements in weight loss and in improving clini-
cal health risks. In the second year follow up of this previ-
ous research, we found some positive trends in the
nutrient adequacy for women who incorporated meal
replacements as a weight loss strategy [7,8]. However, die-
tary change was not a primary measure in our previous
research, which was designed to examine the correlations
of weight loss with clinical risk factor changes.
This current study was undertaken to extend the prelimi-
nary results on alterations in diet in women using meal
replacements as a weight loss intervention strategy. The
objective of this one-year study was to document and ana-
lyze the nutritional adequacy of a traditional food-group
diet intervention compared to a traditional food-group
diet intervention that also incorporated meal replace-
ments as a strategy for weight loss.
Methods
Participants
Ninety-six generally healthy overweight/obese women,
ages 25 to 50 years were selected from those responding
to media recruitments in the local university community.
Women were eligible if they were overweight to mildly
obese as defined by a BMI (kg/m2) between 25 and 35 [6].
Potential candidates attended a group orientation meet-
ing where the study was explained to them before written
consent was obtained. Exclusion criteria included current
chronic or psychological disease, abnormal serum labora-
tory values of clinical significance, or current hormone-
replacement therapies. Women were also excluded who
were pregnant, planning to become pregnant, lactating,
planning to move out of the area within the following
year, or currently participating in a weight loss program.
Eligible women had an initial (baseline) one-hour clinic
assessment to determine their fasting blood chemistry val-
ues (to rule out disease risk), body measurements (weight,
height, BMI, waist circumference, body fat percentage),
dieting and physical activity habits, and psychosocial sta-
tus. There were no costs to participants for study assess-
ments and interventions. The University of Nevada
Human Subjects Protection Committee (Institutional
Review Board) approved all procedures used in this study.
All subjects completed this university-based intervention
during the years 2002 to 2004.
Lifestyle Dietary Intervention
Subjects were assigned to 1 of 2 interventions: a Meal
Replacement Group (MRG) or a Traditional Food Group
(TFG). Subjects in both groups attended the same total
number of classes (eighteen), including bimonthly classes
(twelve) for the first six months, followed by monthly
classes (six) for the last six months of intervention. Sub-
jects received instruction materials developed by the
study's Registered Dietitian (RD). They also received the
LEARN Program manual for Weight Control, with the
MRG participants receiving the separate LEARN Program
Meal Replacement Edition manual [9]. For a more uni-
form comparison between groups, the same RD taught all
sessions for both groups. Diet instruction for all subjects
included a low energy diet of approximately 5040 kJ/day
(1200 kcal/day).
Group 1: Traditional Food Group (TFG)
Subjects in the TFG were instructed in a diet plan based on
self-selection of conventional foods for meals and snacks
using the USDA Food Guide Pyramid. They were encour-
aged to include the recommended servings of all food
groups, including fruits and vegetables with meals and
snacks. To enhance compliance and to equalize the mon-
etary value of providing free meal replacements in the
Meal Replacement Group (MRG), the women in this
group (TFG) received free grocery store gift certificates
($20/month) at their intervention group meetings. This
monetary incentive enabled them to redeem the gift certif-
icates for their choice of "healthy" foods at their local food
stores.
Group 2: Meal Replacement Group (MRG)
Subjects in the MRG were instructed in a diet plan consist-
ing of commercially available meal replacements, as well
as a self-selection of conventional foods using the USDA
Food Guide Pyramid. Two of the three main meals (break-
fast, lunch, dinner) were replaced with study mealNutrition Journal 2007, 6:12 http://www.nutritionj.com/content/6/1/12
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replacement drinks or meal replacement bars (Unilever;
Slim-Fast Nutrition Institute, USA). Because this study
lasted for one year, subjects were given a choice of the
study brand of meal replacement drinks or meal replace-
ment bars for a greater variety to help with compliance
over the one year intervention period. At their interven-
tion group meetings, the women received a supply of free
vouchers that they could easily carry and redeem for their
choice of the study brand of meal-replacement drinks
and/or bars that were readily available at their local food
stores. By having a supply of these free vouchers, the
women were able to conveniently pick up their study
brand of products when they did their normal food shop-
ping during the week.
Each study liquid meal replacement drink contained 924
kJ (220 kcal), 7 to 10 grams of protein, 40 to 46 grams of
carbohydrate, 5 grams of dietary fiber, and 1.5 to 3 grams
of fat. Subjects were able to choose from the study brand
of either milk-based and soy-based meal replacement
drinks in a variety of flavors. The study brand of fortified
meal replacement drinks contained 15–100% of the %
Daily Value (%DV) for essential vitamins and minerals.
Subjects could also choose from the study brand of a vari-
ety of meal replacement bars. The study brand of meal
replacement bars contained approximately the same 924
kJ (220 kcal) as the drinks, with 8 grams of protein, 33 to
36 grams of carbohydrate, 2 grams of dietary fiber, and 5
grams of fat. These fortified study brand of meal replace-
ment bars contained 25%–35% of the % Daily Value
(%DV) for essential vitamins and minerals. In addition to
the two study brand meal-replacements, it was recom-
mended that the women incorporate the dietary food
guide levels of fruits and vegetables as snacks, along with
one moderately low fat, low energy meal each day.
Dependent Outcome Measures
Assessment outcome measures were taken at baseline, 6
months and 12 months and included weight, height,
waist circumference, and body composition. Fasting
blood was taken by a certified phlebotomist to measure
blood chemistries. Prior to randomization, the study phy-
sician reviewed the subject's blood chemistries to screen
out any subjects that might have an abnormal blood lab-
oratory value of clinical significance that might poten-
tially exclude her from the study. No subjects were
excluded based on the physician's evaluation of their
baseline blood chemistries. Weight measurements and
body fat measurements were taken using a computerized
bioelectrical impedance scale (Tanita, San Diego, CA).
Height was measured using a mounted wall stadiometer,
and BMI (kg/m2) was calculated. Waist circumference was
measured at the narrowest point of the torso using a non-
stretchable measuring tape. Blood pressure was measured
while the subject was seated using a digital manometer
machine. Three blood pressure measurements were taken,
with the average of the last two values recorded. Subjects
kept a food diary of their self-selected foods and beverages
for three consecutive days (one weekend day and two
weekdays) prior to each assessment day. Nutrient analysis
on the three-day food records was done using a licensed
copy of the Minnesota Nutrient Data System Research
program (NDS, 2001, version 4.03). The number of daily
servings of fruits and vegetables and meal replacements
were calculated directly from the subject's three-day food
records.
Statistical Analysis
The study design was initially based on a sample size of 96
subjects which would yield a power of 80% assuming a
two-sided type I error rate of 5%. This accounted for a
standard 20% attrition rate. Although the study final attri-
tion rate was 27% at one year, statistically significant dif-
ferences in nutrient intake variables were found between
and within groups comparing baseline with 6 months and
one year. However, this does not rule out that some statis-
tically significant differences existed that were not found
in the final data analysis results. The primary outcome was
weight lost over a 1-year period. The analyses on all
enrolled subjects (n = 96) were conducted using two
intent-to-treat methods: 1) last weight carried forward,
and 2) baseline weight carried forward. Both methods
indicated similar results. The remaining analyses were
conducted on only those subjects who completed the two
follow-up assessment visits (n = 70). All analyses compar-
ing the between group differences used an independent t-
test. Those analyses focused on change within each group
used a paired t-test. If a baseline between group signifi-
cance was found, an adjustment for baseline values using
regression analysis assessed whether the significant find-
ings were still valid. All findings identified as significant
were supported by this analysis. All analyses conducted
utilized SPSS software (version 11.0, Chicago, IL). Varia-
ble results are given as mean ± standard deviation (sd),
with significance determined at p ≤ 0.05. A separate anal-
ysis of the group prevalence of inadequacy using the EAR
cut-point method was done using the SIDE software pro-
gram from Iowa State University [10].
Results
Subjects completing the one-year study
Of the 96 initial female subjects who were randomly
assigned to study groups, 70 subjects (or 73 percent) com-
pleted the one-year study, with equal retention in each
group (n = 35). No adverse events were reported or asso-
ciated with any women who dropped out of the study.
Baseline characteristics of the subjects by groups are
shown in Table 1. The two significant differences among
the parameters by the treatment group (age, body fat)
were assessed using regression analysis to determine thatNutrition Journal 2007, 6:12 http://www.nutritionj.com/content/6/1/12
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milestone significant findings at 6 and 12 months were
still valid.
Group variable changes are shown in Table 2. Although
mean weight loss was not significantly different between
the two groups, further analysis showed a significant dif-
ference at one-year within each group. There was a signif-
icant mean weight loss in the TFG of -6.1 ± 6.7 kg (-13.5
± 14.7 pounds) or -8.0% ± 8.4% compared to baseline
weight. The MRG showed a significant mean weight loss
of -5.0 ± 4.9 kg (-11.0 ± 10.8 pounds) or -6.2% ± 6.3%
compared to baseline weight. Although not a significant
change, there was a decrease in percent body fat and waist
circumference in both groups.
All subjects enrolled in the study (intent-to-treat)
Year-end changes in weight were also examined in the
intent-to-treat model. This analysis included all subjects
(n = 96) enrolled in the study, whether or not they com-
pleted the one-year intervention. The analysis was based
on the available data for all randomized subjects (n = 96)
with the last weight observation carried forward. No sig-
nificant difference in weight loss between groups was
found with this additional analysis. Therefore, similar
conclusions from this intent-to-treat analysis were made,
although the weight loss was not of the same magnitude
as for the subjects who completed the one-year study.
Nutrient mean intake changes from three-day food 
records
Mean energy, macronutrient and micronutrient changes
are shown in Tables 3, 4, and 5 for the Traditional Food
Group (TFG) and the Meal Replacement Group (MRG).
For energy, the self-reported mean dietary intakes fell as
expected below the DRI Acceptable Macronutrient Distri-
bution Range of 10800 kJ/day (2400 kcal/day) [11]. How-
ever, neither group quite reached the targeted reduced
energy intake goal of 5400 kJ/day (1200 kcal/day) in this
weight loss intervention. For macronutrient percentages,
the ratios (carbohydrate: protein: fat) were within the DRI
recommendation ranges at the study time points. For sat-
urated fat, the mean intake was slightly lowered to ≤10%,
although still higher that the recommendation of ≤7%.
For mean dietary fiber intake, there was an increase in
intake from baseline for both groups, with a significant
difference at 6 months, as well as a significant increase
within the MRG at 6 months. However, both groups fell
short of the recommended 25 grams/day.
For the micronutrient mean comparisons between
groups, at 6 months, a significant difference (MRG intake
greater than TFG) was found for 14 of the essential nutri-
ents, including vitamins (vitamin A, vitamin D, vitamin E,
vitamin C, thiamin, riboflavin, niacin, pantothenic acid,
vitamin B6, folate, vitamin B12) and minerals (calcium,
phosphorus and magnesium). At 12 months there contin-
ued to be a significant difference between the groups
(MRG mean intake remaining greater than TFG) for 9
nutrients, including vitamin A, vitamin E, vitamin C, ribo-
flavin, pantothenic acid, vitamin B6, calcium, phosphorus
and magnesium. Sodium intake was close to the recom-
mendation of < 2300 mg/day in both groups at both time
points.
Nutrient prevalence of inadequacy from three-day food 
records
Because the US Institute of Medicine (IOM) has recom-
mended that nutrient comparisons may be more appro-
priately done for groups by comparing the prevalence of
inadequacy using the Estimated Average Requirements
(EAR) than by comparing mean intakes, this approach
was also used in this study [12]. Table 6 defines each of
the current DRI measures. In this statistical transforma-
tion method, in order to account for the variation in daily
intake (comparing the three days of the three-day food
records), the proportion below the EAR is counted to
determine the prevalence of inadequacy. Therefore, the
higher the proportion, the higher the prevalence of inade-
quacy. We analyzed our data to establish this EAR-cutoff
using the recommended SIDE software program from
Iowa State University [10]. Our analysis for nutrients with
an established EAR or AI (Adequate Intake) are shown in
Table 7 and 8. The prevalence of inadequacy of nutrient
intake from food as indicated by a level >0.50 at 12
Table 1: Baseline characteristics of both intervention groups
Variable TFG (n = 35) MRG (n = 35)
Age (years) 39.79 (6.1)* 36.7 (6.3)*
Weight (kilograms, kg) 78.9 (10.6) 79.2 (7.4)
BMI (kg/m2) 29.5 (3.1) 29.1 (2.4)
Body Fat (%) 47.9 (7.9)* 44.6 (5.8)*
Waist Circumference (cm) 90.1 (6.6) 89.7 (7.2)
REE (calculated) 1483.6 (126.5) 1505.8 (78.7)
* Significant differences (p < 0.05) between groups at baseline
Mean ± (standard deviation)
TFG = Traditional Food Group; MRG = Meal Replacement GroupNutrition Journal 2007, 6:12 http://www.nutritionj.com/content/6/1/12
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months in the TFG group included calcium (1.00), vita-
min E (0.88), pantothenic acid (0.84), folic acid (0.55)
and magnesium (0.76). For the MRG, at 12 months the
prevalence of inadequacy was calcium (0.70) and vitamin
K (0.57), both lower than the prevalence of inadequacy
for the TFG group.
Fruit and vegetable serving changes
Servings of fruits and vegetables per day are shown in
Table 9. At 12 months both groups increased their mean
daily intake of fruits and vegetables, from a lower baseline
average of 2.9 ± 1.9 to 4.0 ± 2.2 servings/day (+38%) for
the TFG, and from a lower baseline average of 3.4 ± 1.8 to
4.6 ± 3.2 servings/day (+35%) for the MRG. At 6 and 12
months, both groups were closer to the recommended 5
total servings of fruits and vegetables per day than at base-
line [13].
Use of Meal Replacements
Analysis of the number of servings of meal replacements
per day for the MRG showed a mean decrease in use
between assessments, with reported levels at 6 months of
1.4 ± 0.6 servings/day (range 0.0 to 2.7), and at 12
months of 1.2 ± 0.7 servings/day (range 0 to 2.0).
Although this data indicates that some of the women were
consuming the recommended two meal replacements per
day, the mean intake was lower than this.
Discussion
The primary objective of this study was to examine the
adequacy of the diet choices by subjects on two different
diet interventions for weight loss. Both interventions used
the traditional food group approach, with one integrating
meal replacements. It is important that nutrient adequacy
be measured as a component of the safety of weight loss
regimens. Both controlled and uncontrolled weight loss
studies using meal replacements have published the diet
prescription given to subjects and clinical outcomes.
However, few have included the nutrient intake profile of
the self-selected diets the subjects actually chose to follow
while in the study [4,14-21].
Studies for obese and overweight subjects using a tradi-
tional food group system, which is considered the gold
Table 3: Changes in macronutrient and fiber intake in both groups from baseline
Variable per day TFG (n = 35) TFG (n = 35) TFG (n = 35) MRG (n = 35) MRG (n = 35) MRG (n = 35)
Baseline 6 month Year 1 Baseline 6 month Year 1
Energy (kilojoules, kJ) 8047 (2356) 6124 (1583) 5729 (1424) 8408 (2213) 5838 (1621) 5993 (2016)
Energy (kilocalories, kcal) 1916 (561) 1458 (377) 1364 (339) 2002 (527) 1390 (386) 1427 (480)
Carbohydrates % 48.3 (8.2) 49.9 (8.3) b 50.1 (10.6) 49.5 (7.6) 56.6 (8.7)b 55.04(11.6)
Protein % 15.1 (3.8) 19.2 (4.1) 19.2 (4.6) c 15.4 (3.2) 17.8 (4.1) 16.8 (3.1) c
Fat % 35.3 (6.6) 30.7 (6.9) 31.0 (8.1) 35.35 (6.7) 27.36 (7.4) 29.41 (9.8)
Saturated Fat % 11.9 (3.3) 10.4 (2.4) 10.2 (3.2) 12.0 (2.5) 9.5 (2.9) 9.8 (3.3)
Cholesterol (mg) 200 (104) a 199 (122) 193 (91) 261 (117) a 156 (103) 165 (126)
Dietary Fiber (g) 5 (2) 17 (5) b 16 (7) 6 (2) 20 (7) b 18 (8)
a Significant difference (p ≤ 0.05) between groups at baseline
b Significant difference (p ≤ 0.05) between groups at 6 months
c Significant difference (p ≤ 0.05) between groups at 1 year
Table 2: Changes in both group variables from baseline
Variable TFG (n = 35) TFG (n = 35) MRG (n = 35) MRG (n = 35)
6 mo – baseline Yr1 – baseline 6 mo – baseline Yr1 – baseline
Weight (kilograms, kg) -5.4 (5.4) -6.1 (6.7) -5.2 (4.0) -5.0 (4.9)
BMI (kg/m2) -2.1 (2.2) -2.6 (2.9) -1.9 (1.4) -1.9 (1.9)
Body Fat (%) -5.4 (6.5) -5.7 (8.1) -4.3 (4.0) -4.5 (6.5)
Waist Circumference (cm) -6.1 (5.5) -6.1 (7.0) -4.8 (3.22) -4.9 (4.6)
REE (calculated) -52.2 (51.1) -75.6 (83.0) -49.6 (36.4) -50.2 (47.1)
* Significant difference (p ≤ 0.05) between groups from baseline
REE = Resting Energy Expenditure
Mean ± (standard deviation)
TFG = Traditional Food Group, MRG = Meal Replacement GroupNutrition Journal 2007, 6:12 http://www.nutritionj.com/content/6/1/12
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standard of dietary instruction that was used as the con-
trol in this study, have reported that intake of most nutri-
ents can remain at recommended levels when this
approach is taken [22]. For studies using meal replace-
ments, there seems to be an anecdotal concern that these
products might not foster nutritional adequacy and bal-
anced food choices long-term. Only two studies pub-
lished to date by other investigators have analyzed the
actual nutrient intake using meal replacements for weight
loss. One long-term German study by Ditschuneit et al
analyzed the seven-day food diaries of 73 obese men and
women subjects over a 27 month period [23]. These
authors primarily reported on changes in macronutrient
intake, summarizing that the fat intake decreased signifi-
cantly (p ≤ 0.05) from 37.6% to 32.9% in the control
group and from 36.1% to 26.4% in the meal replacement
group. Dietary cholesterol intake also decreased signifi-
cantly (p ≤ 0.05) in the meal replacement group (from
422 ± 57 to 244 ± 30 mg/day) compared to the control
group (378 ± 43 to 154 ± 14 mg/day). Dietary protein
intake was unchanged and was not different between their
study groups. A more recent shorter-term Australian study
by Noakes et al reported on the analyses of three-day food
records completed at 4 week intervals by obese or over-
weight men and women subjects with features of meta-
bolic syndrome (raised triglycerides). Sixty-six matched
subjects were randomized into either a meal replacement
or control group (prescriptive low fat diet plan) for a six
month intervention [24].
The two groups received structured supervision from
administrative staff during bi-weekly visits, but they were
not given professional nutrition support. The control
group was also supplied with shopping vouchers with a
Table 5: Changes in micronutrient (mineral) intake in both groups from baseline
Variable per day TFG (n = 35) TFG (n = 35) TFG (n = 35) MRG (n = 35) MRG (n = 35) MRG (n = 35)
Baseline 6 month Year 1 Baseline 6 month Year 1
Calcium (mg) 744 (262) a 655 (223) b 659 (207) c 914 (322)a 1041 (306)b 948 (320)c
Phosphorus (mg) 1106 (312) 1026 (241) b 993 (256) c 1260 (334) 1289 (340)b 1205 (370)c
Magnesium (mg) 2629 (94) 249 (64) b 243 (78) c 289 (90) 393 (109)b 374 (133)c
Iron (mg) 14 (6) 13 (5) 13 (7) 15 (5) 12 (4) 12 (5)
Zinc (mg) 9 (3) a 9 (3) 9 (3.0) 11 (4)a 9 (2) 9 (5)
Copper(mg) 1.2 (0.5) 1.0 (0.3) 1.0 (0.3) 1.3 (0.5) 1.0 (0.3) 1.3 (0.5)
Selenium (mcg) 103 (35) 89 (24) 85 (23) 107 (35) 91 (25) 82 (29)
Sodium (mg) 3054 (993) 2471 (744) 2357 (727) 3468 (1051) 2204 (783) 2230 (838)
Potassium (mg) 2255 (768) 2320 (576) 2232 (728) 2549 (757) 2588 (765) 2472 (987)
a Significant difference (p ≤ 0.05) between groups at baseline
b Significant difference (p ≤ 0.05) between groups at 6 months
c Significant difference (p ≤ 0.05) between groups at 1 year
Table 4: Changes in micronutrient (vitamin) intake in both groups from baseline
Variable per day TFG (n = 35) TFG (n = 35) TFG (n = 35) MRG (n = 35) MRG (n = 35) MRG (n = 35)
Baseline 6 month Year 1 Baseline 6 month Year 1
Vitamin A (RAE) mcg 604 (314) 795 (401) b 904 (517) c 676 (302) 1480 (671)b 1314 (776) c
Beta Carotene (μg) 1693 (1534) 2913 (2236) 3424 (2979) 2455 (2072) 4440 (4429) 3315 (3935)
Vitamin D (mcg) 4 (3) 4 (2) b 5 (9) 5 (2) 8 (3)b 7 (3)
Vitamin E (AT) mg 9 (6) 6 (3) b 7 (4) c 10 (5) 11 (8) b 12 (9)c
Vitamin K (mcg) 76 (44) 88 (59) 95 (73) 100 (96) 110 (55) 118 (95)
Vitamin C (mg) 65 (38) 103 (60) b 81 (44) c 82 (53) 155 (70)b 134 (101)c
Thiamin (mg) 1.6 (0.5) 1.2 (0.3) b 1.3 (0.3) 1.6 (0.5) 1.5 (0.4)b 1.4 (0.4 0)
Riboflavin (mg) 1.6 (0.5) a 1.5 (0.4) b 1.5 (0.5) c 1.9 (0.6)a 1.9 (0.5)b 1.8 (0.4)c
Niacin (mg) 22 (8) 20 (5) b 20 (6) 22 (7) 24 (7)b 22 (7)
Pantothenic Acid (mg) 4 (2) a 4 (1) b 4 (2) c 5 (2) a 8 (2)b 7 (2)c
Vitamin B6 (mg) 1.6 (0.6) 1.6 (0.4) b 1.6 (0.5) c 1.8 (0.6) 2.3 (0.7)b 2.2 (0.7)c
Folate (mcg) 340 (138) 315 (90) b 338 (111) 386 (131) 383 (88)b 362 (129)
Vitamin B12 (mcg) 3.3 (1.5) a 3.6 (1.7) b 4.0 (3.1) 4.6 (3.0)a 5.9 (4.8)b 6.3 (8.0)
a Significant difference (p ≤ 0.05) between groups at baseline
b Significant difference (p ≤ 0.05) between groups at 6 months
c Significant difference (p ≤ 0.05) between groups at 1 yearNutrition Journal 2007, 6:12 http://www.nutritionj.com/content/6/1/12
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similar financial value as the meal replacements. For the
42 subjects (64%) who completed this study, there was no
significant difference in weight change or energy intake
between the meal replacement group and controls, simi-
lar to our study results. This led two of the authors to pos-
tulate in a subsequent review article that providing both
groups with similar information, structure, support and
incentives resulted in a similar weight outcome [25].
Of particular relevance was the finding in the Noakes et al
study that dietary intake of several essential nutrients (cal-
cium, magnesium, zinc and iron) were significantly
higher (p < 0.01) in the meal replacement group com-
pared to the control group. These investigators also meas-
ured blood biomarkers to assess fruit and vegetable intake
and found that the plasma beta carotene levels increased
significantly at six months within the meal replacement
group (41% at 6 months, p < 0.001). Although the serum
folate and plasma beta-carotene were higher in the meal
replacement group, the differences between groups were
not statistically significant. Both plasma retinol and
alpha-tocopherol, which are stored as fat-soluble vita-
mins, remained unchanged. The more detailed nutrient
analyses of the Noakes et al study are in agreement with
our findings that the nutritional adequacy of the meal
replacement program was equal to or superior to the tra-
ditional (control) diet. One caution in interpreting these
nutrient intake results in the study by Noakes and col-
leagues and in our study is that the primary measure of
diet adequacy was food records which were kept by the
subjects. These self-reports of diet intake are known to
have limitations, including underreporting and changes
Table 7: Vitamin intake: Estimate of the prevalence of inadequacy at 6 and 12 months
Variable per day EAR cutoff 6 mo TFG 6 mo MRG 12 mo TFG 12 mo MRG
Vitamin A (RAE) (mg) 500 .39 .01 .41 .12
Vitamin D (mcg) 5* .52 .02 .22 .07
Vitamin E (AT) (mg) 12 .90 .10 .88 .20
Vitamin K (mcg) 90* .67 .54 .46 .57
Vitamin C (mg) 60 .01 .05 .30 .22
Thiamin (mg) 0.9 .05 .05 .03 .10
Riboflavin (mg) 0.9 .01 .02 .02 .00
Niacin (mg) 11 .00 .07 .00 .00
Pantothenic acid (mg) 5* .94 .17 .84 .14
Vitamin B6 (mg) 1.1 .00 .07 .00 .03
Folate (ug) 320 .46 .20 .55 .42
Vitamin B12 (ug) 2 N/A .02 N/A .00
EAR = Estimated average requirement
*AI = Adequate intake. No EAR has been established.
RAE = Retinal activity equivalent.
N/A = The adjusted distribution was not available using the cut-point method of analysis.
TFG = Traditional Food Group, MRG = Meal Replacement Group
Table 6: Dietary Reference Intakes (DRI) Definitions
Estimated Average Requirement (EAR)
The average daily nutrient intake level that is estimated to meet the requirements of half of the healthy individuals in a particular stage and gender 
group.
Recommended Dietary Allowance (RDA)
The average daily dietary nutrient intake level that is sufficient to meet the nutrient requirements of nearly all (97–98 percent) healthy individuals in 
a particular life stage and gender group.
Adequate Intake (AI)
The recommended average daily intake level based on observed or experimentally determined approximations or estimates of nutrient intake by a 
group (or groups) of apparently healthy people that are assumed to be adequate, used when an RDA cannot be determined.
Tolerable Upper Intake Level (UL)
The highest average daily nutrient intake level that is likely to pose no risk of adverse health effects to almost all individuals in the general 
population. As intake increases above the UL, the potential risk of adverse effects may increase.
Acceptable Macronutrient Distribution Ranges (AMDR)
The range of intakes of an energy source that is associated with a reduced risk of chronic disease, yet can provide adequate amounts of essential 
nutrients. The AMDR is expressed as a percentage of total energy intake.
Estimated Energy Requirements (EER)
The average dietary energy intake that is predicted to maintain energy balance in a healthy individual of a defined age, gender, height, weight, and 
level of physical activity consistent with good health.
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in food selections during the reporting period [25,26].
However, these food record limitations applied to both
groups that were compared with regard to their chosen
dietary patterns and nutrient adequacy during this weight
loss study.
Conclusion
The results of this one-year intervention study in primarily
healthy overweight/obese women showed that both the
meal replacement group and traditional food group main-
tained overall adequate macronutrient and micronutrient
intake based on current DRI recommendations. Weight
loss and body composition changes indicated that the
group interventions were clinically sound and beneficial.
Although the women in both groups were instructed on
balancing their intake in a series of group discussions led
by the same Registered Dietitian, those in the traditional
group tended to have significantly lower intakes of a
number of essential vitamins and minerals compared to
the group using meal replacements. The potentially inad-
equate intake of calcium is of particular concern since
weight-loss diets have been associated with increased
bone resorption in obese adults [27]. In conclusion, the
results of this study point to the importance of using an
adequately fortified meal replacement product and/or
taking a multivitamin and mineral supplement to ensure
nutrient adequacy during reduced energy intake for
weight loss. This advice applies not only to those follow-
ing a weight loss plan on their own, but also to those fol-
lowing a weight loss plan under professional guidance.
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Table 9: Group intakes of fruits and vegetables at baseline, 6 months and 12 months
TFG TFG TFG MRG MRG MRG
Servings (n = 35) (n = 35) (n = 35) (n = 35) (n = 35) (n = 35)
Per day Baseline 6 mo 12 mo Baseline 6 mo 12 mo
Fruits 0.8 (.9) 1.7 (1.0) 1.6 (1.4) 1.3 (1.2) 1.9 (1.5) 1.9 (1.9)
Range 0.0 – 3.7 0.0 – 4.3 0.0 – 5.7 0.0 – 467 0.0 – 7.6 0.0 – 6.9
Vegetables 2.1 (1.4) 2.6 (1.5) 2.5 (1.6) 2.2 (1.3) 2.7 (1.6) 2.7 (1.8)
Range 0.3 – 7.0 0.2 – 5.1 0.3 – 8.4 0.0 – 4.7 0.3 – 8.2 0.3 – 8.4
Total 2.9 (1.9) 4.4 (1.8) 4.0 (2.2) 3.4 (1.8) 4.5 (2.4) 4.6 (3.2)
Range 0.3 – 9.5 0.7 – 8.4 0.5 – 9.5 0.2 – 8.5 1.2 – 11.5 0.3 – 13.2
No significant difference (p ≤ 0.05) between groups was found
Mean ± (standard deviation)
TFG = Traditional Food Group, MRG = Meal Replacement Group
Table 8: Mineral Intake: Estimate of the prevalence of inadequacy at 6 and 12 months
Variable per day EAR cutoff 6 mo TFG 6 mo MRG 12 mo TFG 12 mo MRG
Calcium (mg) 1000* .99 .52 1.00 .70
Phosphorus (mg) 580 0 .02 .01 .01
Magnesium (mg) 265 .54 .12 .76 .19
Iron (mg) 8.1 .05 .15 .10 .06
Zinc (mg) 6.8 .11 .19 N/A .19
Copper (mg) 0.7 .02 .04 .13 .07
Selenium (mcg) 45 .00 .02 .00 .00
Potassium (mg)* 4700* N/A N/A N/A N/A
EAR = Estimated average requirement
*AI = Adequate intake. No EAR has been established.
N/A = The adjusted distribution was not available using the cut-point method of analysis.
TFG = Traditional Food Group, MRG = Meal Replacement GroupPublish with BioMed Central    and   every 
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